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COMPLETE SPECIFICATION 
Ionic Hydrocarbon Polymers 



We, E. I. Du Pont de Nemours and 
Company, a Corporation organized and exist- 
ing under the laws of the State of Delaware, 
United States of America, of 10th and Market 

5 Street, Wilmington, Delaware, United States 
of America, (Assignee of Richard Watkin 
Rees), do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 

10 performed, to be particularly described in and 
by the following statement: — 

The present invention relates to novel hydro- 
carbon polymers, and, more particularly, to 
hydrocarbon polymers which contain ionic 

15 crosslinks. 

The crosslinking of hydrocarbon polymers is 
well known in the art. Thus, polymeric hydro- 
carbon elastomer, such as natural rubber, are 
crosslinked or vulcanized by the use of sulfur, 

20 which reacts with the carbon of the unsaturated 
bonds in polymer molecules to form a bridge 
between two molecules so that one polymer 
molecule is covalently bonded to a second 
polymer molecule. If sufficient crosslinks of 

25 this type occur in the polymeric hydrocarbon, 
all molecules are joined in a single giant 
molecule. The characteristic property of a 
crosslinked polymer is its intractibiiity above 
the softening point or melting point normally 

30 observed in the uncrosslinked base polymer. 
Thus, whereas the uncrosslinked polymer has 
a marked softening point or melting point 
above which the polymer is fluid and deform- 
able, the crosslinked polymer retains its shape 

35 and will tend to return that shape when 
deformed at all temperatures at which the 
polymer is stable and can not be permanently 
deformed. Although once crosslinked the poly- 
mer is no longer fabricable, except possibly by 

40 machining, crosslinked polymers have found 
wide utility because of the significant improve- 
ment in the physical properties obtained by 
crosslj nkm g. Thns, by vulcanizing rubber elasti- 



city, impact resistance, flexibility, thermal 
stability and many other properties are cither 45 
introduced or improved. The crosslinking of 
non-elastomeric polymers increases the tough- 
ness, abrasion resistance and, particularly, the 
upper use temperatures of the material. 

In addition to the vulcanization of diene 50 
hydrocarbon polymers using sulfur, other 
methods of crosslinking hydrocarbon polymers 
which do not require a double bond and which 
do not use sulfur have been developed. Thus, 
saturated hydrocarbon polymers and, in par- 55 
ticular, polyethylene, are cross-linked by re- 
actions resulting from the addition of a per- 
oxide to the polymer at elevated temperatures. 
Peroxides decompose to form free radicals 
which in turn attack the polymer chain to 60 
form crosslinking sites which then react to form 
crosslinks. Irradiation of polyethylene also 
results in a crosslinked product by substantially 
the same mechanism except that the free radi- 
cals are generated by decompositon of the 65 
polymer itself. By either method, however, a 
product is obtained which is intractibie and 
cannot be further fabricated by techniques 
normally used in the fabrication of poly- 
ethylene, such as melt extrusion or injection 70 
molding. The improvement obtained in the 
solid state properties of a hydrocarbon polymer 
by crosslinking have, therefore, been always 
combined with a loss in fabricability as a result 
of which crosslinked hydrocrabon polymers, 75 
with the exception of elastomeric hydrocarbon 
polymers, have found little commercial suc- 
cess as compared to the uncrosslinked hydro- 
carbon polymers. Furthermore, crosslinking 
reduces the crystallinity of saturated, hydro- 80 
carbon polymers, thereby decreasing the stiff- 
ness and rigidity of the product. 
* It is an object of the present invention to 
provide a new class of hydrocarbon polymers. 
It is a further object of the present invention 85 
to provide a new class of hydrocarbon poly- 
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raers of greatly improved solid state pro- 
perties. It is a further object to provide hydro- 
carbon polymers which combine desirable solid 
state properties of crosslinked hydrocarbon 
5 polymers with melt flow properties of uncross- 
linked hydrocarbon polymers. 

According to the present invention there is 
provided a copolymer characterized by having 
ionic crosslinks in the solid state, which cross- 
10 links are removable on fusion of the copolymer 
and restored on its reversion to the solid state, 
which comprises ethylene, and an «,£-ethylenic- 
ally unsaturated mono- or di-carboxylic acid, 
the ethylene content being at least 50 mol 
15 percent based on the polymer and the acid 
monomer content being from 0.2 to 25 mol 
percent based on the polymer, the copolymer 
having a melt index of 0.1 to 100 g/10 minutes 
in die absence of metal ions and wherein at 
20 least 10°/ of the carboxylic acid groups are 
neutralized by one or more metal ions having 
a valence of 1 to 3 inclusive wherein the acid 
monomer is monocarboxylic, and a valence of 
1 where the acid monomer is dicarboxylic. 
25 The concentration of the ethylene is at least 
50 mol percent in the copolymer, and is pre- 
ferably greater than 80 mol percent. 

The «,jS-ethylenically unsaturated carboxylic 
acid group containing monomer preferably has 
30 from 3 to 8 carbon atoms. Examples of such 
monomers are acrylic acid, methacrylic acid, 
ethacrylic acid, itaconic acid, maleic acid, 
fumaric acid, monoesters of said dicarboxylic 
acids, such as methyl hydrogen maleate, 
35 methyl hydrogen fumarate, ethyl hydrogen 
fumarate and maleic anhydride. Although 
maleic anhydride is not a carboxylic acid in 
that it has no hydrogen attached to the 
carboxyl groups, it can be considered an acid 
40 for the purposes of the present invention be- 
cause of its chemical reactivity being that of 
an acid. Similarly, other ar,J3-monoethylenic- 
ally unsaturated anhydrides of carboxylic acids 
can be employed. As indicated above, the 
45 concentration of acidic monomer in the copoly- 
mer is from 0.2 mol percent to 25 mol percent, 
and, preferably, from 1 to 10 mol percent. 

The base copolymers employed in forming 
the ionic copolymers of the present invention 
50 are prepared by the direct copolymerization of 
a mixture of ethylene and the carboxylic acid 
monomer. Methods employed for the preparer 
tion of ethylene carboxylic acid copolymers 
have been described in the literature. In a 
55 preferred process, a mixture of the two mono- 
mers is introduced into a polymerization 
environment maintained at high pressures, 50 
to 3000 atmospheres, and elevated tempera- 
tures, 150 to 300° C, together with a free 
60 radical polymerization initiator such as a 
peroxide. An inert solvent for the system, such 
as water or benzene, may be employed, or the 
polymerization may be substantially a bulk 
polymerization. m 9 

65 The copolymers employed to form ionic 



copolymers which are useful as plastics are 
preferably of high molecular weight in order 
to achieve the outstanding combination of 
solid state properties of crosslinked polyolefins 
with the melt fabricability of uncrosslinked 70 
polyolefins. Although the mechanical properties 
of a low molecular weight copolymer are im- 
proved by the process of the present invention, 
the resulting product does not exhibit such 
mechanical properties as are markedly superior 75 
to the same unmodified copolymer when of 
high molecular weight. The molecular weight 
of the copolymers useful as base resins is most 
suitably denned by melt index, a measure of 
melt viscosity, described in detail in ASTM — 80 
D — 1238— 57T. The melt index of copolymers 
employed in the formation of ionic copolymers 
which are useful as plastics is in the range of 
0.1 to 100 g/10 min, and, particularly, in the 
range of 1.0 to 20 g/10 min. However, it 85 
should be pointed out that low molecular 
weight copolymers result in ionic copolymers 
which, although not suitable as plastics, are 
outstanding adhesives and laminating resins. 

The copolymer base need not necessarily 90 
comprise a two component polymer. Thus, 
although the ethylene content of the copolymer 
should be at least 50 mol percent, more than 
one olefin can be employed to provide the 
hydrocarbon nature of the copolymer base. 95 
Additionally, any third copolymerizable mono- 
mer can be employed in combination with the 
olefin and the carboxylic acid comonomer. The 
scope of base copolymers suitable for use in 
the present invention is illustrated by the 100 
following examples: Ethylene/acrylic add 
copolymers, ethylene/methacrylic acid copoly- 
mers, ethylene/itaconic acid copolymers, 
ethylene/methyl hydrogen maleate copolymers, 
ethylene/maleic acid copolymers, ethylene/ 105 
acrylic acid/methyl methacrylate copolymers, 
ethylene/methacrylic acid/ethyl acrylate co- 
polymers, ethylene/itaconic acid/methyl meth- 
acrylate copolymers, ethylene/methyl hydrogen 
maleate/ethyl acrylate copolymers, ethylene/ no 
methacrylic acid/vinyl acetate copolymers, 
ethylene/acrylic acid/vinyl alcohol copoly- 
mers, ethylene/propylene/acrylic acid copoly- 
mers, etSylene/styrene/acrylic acid copoly- 
mers, ethylene/methacrylic acid/acrylonitrile 115 
copolymers, ethylene/fumaric add/vinyl 
methyl ether copolymers, ethylene/vinyl 
chloride/acrylic acid copolymers, ethylene/ 
vinylidene chloride/acrylic acid copolymers, 
ethylene/vinyl fluoride/methacrylic add co- 120 
polymers, and ethylene /chlorotrifluoroethyiene/ 
methacrylic acid copolymers. 

The copolymers may also, after polymeriza- 
tion but prior to ionic crosslinking, be further 
modified by various reactions to result in 125 
polymer modifications which do not interfere 
with the ionic crosslinking. Halogenation of 
an ethylene-acid copolymer is an example of 
such polymer modification. 

The preferred base copolymers, however, are 130 
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those obtained by the direct copolymerization 
of ethylene with a monocarboxylic acid co- 
monomer in the absence or presence of a third 
copolymerizable monoethylenically unsaturated 

5 monomer. 

The ionic copolymers of the present inven- 
tion are obtained by the reaction of the 
described copolymer base with an ionizable 
metal compound. This reaction is referred to 

10 herein as "neutralization". The reaction 
mech anism involved in the formation of the 
ionic copolymers and the exact structure of 
the copolymers are at the present time not 
completely understood. However, a comparison 

15 of the infrared spectrum of the copolymer base 
with that of the ionic copolymer shows the 
appearance of an absorption band at about 6.4 
micron which is characteristic of the ionized 
carboxyl group, COO~, a decrease in the 

20 crystallinity band at 13.7 micron and a sub- 
stantial decrease, depending on the degree of 
neutralization, of a band at 10.6 micron, 
characteristic of the unionized carboxyl group, 
CO OH. It is consequently deduced that the 

25 surprising properties of ionic copolymers are 
the result of an ionic attraction between the 
metal ion and one or more ionized carboxylic 
acid groups. 

This ionic attraction results in a form of 

30 crosslinking which occurs in the solid state. 
However, when molten and subjected to the 
shear stresses which occur during melt fabrica- 
tion, the ionic crosslinks of these polymers are 
ruptured and the polymers exhibit melt flow 

35 essentially the same as that of the linear base 
copolymer. On cooling of the melt and in 
the absence of the shear stress occurring during 
fabrication, the crosslinks, because of their 
ionic nature, are reformed, and the solidified 

40 copolymer again exhibits the properties of a 
crosslinked material. 

The change in properties resulting from the 
neutralization of the base copolymer to the 
ionic copolymer is greatly influenced by the 

45 degree of neutralization and, therefore, the 
number of ionic crosslinks and the nature of 
the crosslinks involved. Although an improve- 
ment in solid state properties is obtained with 
even a small percentage of the acid groups 

50 neutralized, in general, a noticeable improve- 
ment is observed only after 10 percent of the 
acid groups have been neutralized. However, 
to obtain the optimum solid state properties 
which are derivable from ionic copolymers, the 

55 number of crosslinks should be sufficient to 
form an infinite network of crosslinked polymer 
chains. This, of course, not only depends on 
the degree of neutralization, but also on the 
number of crosslinking sites and the molecular 

60 weight of the base copolymer. In general, it 
was found that base copolymers having mol- 
ecular weights as measured by melt index of 
1 to 5 g/10 min and a monocarboxylic acid 
concentration of 5 to 10 percent show optimum 

65 solid state properties upon 50 to 80 percent 



neutralization. The degree of neutralization can 
be decreased as the molecular weight of the 
copolymer base is increased or as the acid 
content of the copolymer base is increased 
without significantly changing the solid state 70 
properties. In general, no substantial further 
improvement in solid state properties is ob- 
served if the crosslinking is continued beyond 
the point at which an infinite network is 
formed. However, the shear stress necessary to 75 
break the ionic crosslink and, thus, make the 
copolymer melt fabricable is steadily increased 
with an increasing number of crosslinks beyond 
that necessary to achieve an infinite network. 

The melt fabricability of the ionic copoly- 80 
mer is affected not only by the number of 
crosslinks, but to a much greater degree, is 
affected by the nature of the crosslink. Thus, 
it was found that the combination of certain 
types of acids result in intractable materials 85 
which do not lend themselves to melt fabrica- 
tion. Thus, it was found that base copolymers 
with dicarboxylic acid comonomers, even those 
in which one acid radical has been esterified, 
when neutralized with metal ions which are di- 90 
or higher valent, result in intractible ionic co- 
polymers at the level of neutralization essential 
to obtain significant improvement in solid state 
properties. Sirnilarly, base copolymers with 
monocarboxylic acid comonomers result in 95 
intractible ionic copolymers when neutralized 
with tetravalent metal ions to the indicated 
degree. It is believed that the nature of the 
ionic bond in these instances is too strong to 
be suitable for the formation of ionic copoly- 100 
mers which exhibit solid state properties of 
crosslinked resins and melt properties of un- 
crosslinked resins. 

The metal ions which are suitable in form- 
ing the ionic copolymers of the present inven- 105 
tion, therefore, comprise for the ethylene- 
monocarboxylic acid copolymers, mono-, di- 
and trivalent metal ions. In particular, the 
mono-, di- and trivalent ions of metals in 
Groups I, II, in, IV— A and VHI of the 110 
Periodic Table of Elements (see page 392, 
Handbook of Chemistry and Physics, Chemical 
Rubber Publishing Company, 37th Edition) 
are suitable crosslinking metail ions. Mono- 
valent metal ions of the metals in the stated 115 
groups are also suitable in forming the ionic 
copolymers of the present invention with 
copolymers of ethylene and ethylenically un- 
saturated dicarboxylic acids. Suitable mono- 
valent metal ions are Na + , K+, Yi + , Cs + , Ag + , 120 
Hg + and Cu + . Suitable divalent metal ions are 
Be + =, Mg-*, Ca +2 , Sr* 2 , Ba +2 , Cu +2 , 
Cd+S Hg+ 2 , Sn* 2 , Pb +2 , Fe +2 , Co + =, Ni +2 and 
Zn +a . Suitable trivalent metal ions are Al + \ 
Sc +3 , Fe +3 and Y +3 . 125 

The preferred metals, regardless cf the 
nature of the copolymer base are the alkali 
metals. These metals are preferred because 
they result in ionic copolymers having the best 
combination of improvement in solid state 130 
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properties with retention of melt fabncabihty. 
It is not essential that only one metal ion be 
employed in the formation of the ionic copoly- 
mers and more than one metal ion may be 
5 preferred in certain applications. 

The quantity of ions employed or the degree 
of neutralization will differ with the degree of 
solid property change and the degree of melt 
property change desired. In general, it was 
10 found that the concentration of the metal ion 
should be at least such that the metal ion 
neutralizes at least 10 percent of the carboxylic 
acid groups in order to obtain a significant 
changl in properties. As explained above, the 
15 degree of neutralization for optimum properties 
will vary with the acid concentration and the 
molecular weight of the copolymer. However, 
it is generally desirable to neutralize at least 
50 percent of the acid groups. The degree of 
20 neutralization may be measured by several 
techniques. Thus, infrared analysis may be 
employed and the degree of neutralization 
calculated from the changes resulting in the 
absorption bands. Another method comprises 
25 the titration of a solution of the iomc copoly- 
mer with a strong base. In general, it was found 
that the added metal ion reacts stoichiometric- 
ally with the carboxylic acid in the poiymer 
up to 90 percent neutralization. Small excess 
30 quantities of the crosslinking agent are neces- 
sary to carry the neutralization to completion. 
However, large excess quantities of the cross- 
linking agent do not add to the properties of 
the ionic copolymer of the present invention 
35 «ince once all carboxylic acid groups have 
been ionically crosslinked, no further cross- 
links are formed. 

The crosslinking of the ionic copolymer is 
carried out bv the addition of a metal com- 
40 pound to the base copolymer. The metal com- 
pound which is employed must contain the 
metal in the ionic state rather than covalentlv 
bonded. The cross-linkinsr compound employed 
is generally water soluble. A compound is 
45 considered water-soluble for the P«™»^J 
the present invention if it is soluble m water 
at room temperature to the extent of two 
weight percent. This requirement is explained 
as separating those ionic compounds whicn are 
50 capable of exchanging a metal ion for -the 
hvdrogen ion of the carboxylic acid group in 
the copolymer from those which do net interact 
with the acid. The third requirement for the 
metal compound employed to give rise to the 
55 ionic crosslink is that the salt radical .reacting 
with the hydrogen of the carboxylic acid groun 
must form a compound which is removably 
from the copolymer at. the reaction condmons 
This reouirement is essential to obtain trie 
60 carboxvlic acid group of the copolymer m 
ionic form and, furthermore, to remove the 
silt radical from the copolymer so that the 
attraction between the ionized carboxylic acid 
ctoups of the cooolvmer and the metal ion is 
65 ^ overshadowed by the attraction of the metal 



ion and its original salt radical. Although the 
foregoing limits delineate metal compounds 
suitable in forming metal ions in the acid co- 
polymers which result in ionic crosslinks, cer- 
tain types of compounds are preferred because 
of their ready availability and ease of reaction. 
Preferred metal salts include formates, acetates, 
hydroxides of sufficient solubility, methoxides, 
ethoxides, nitrates, carbonates and bicarbonates. 
Metal compounds which are generally not suit- 
able in resulting in ionic crosslinks include in 
particular metal oxides because of their lacK 
of solubility, metal salts of fatty acids which 
form non-volatile residues remaining in the 
polymer and metal coordination compounds w , 
which lack the necessary ionic character. 

The crosslinking reaction is earned out 
under conditions which allow for a homo- 
geneous distribution of the crosslinking agent 
in the copolymer base. No particular reaction c v 
conditions are essential except that the con- 
ditions should permit the volatilization of the 
hydrogen-salt radical reaction product, bince 
the homogeneous distribution of the cross- * 
linking agent and the necessary volatilization w 
of the hydrogen-salt radical reaction product 
is difficult at room temperature, elevated tem- 
peratures are generally employed. More speci- 
fically, the crosslinking reaction is carried out 
either by melt blending the polymer with the 
crosslinking metal compound, which preferably 
is employed in solution, or by adding the 
crosslinking agent, directly or in solution, to 
a solution of the copolymer base and then, 
on reaction, precipitating and separating the 
resulting polymer. Of these techniques, the hrst 
is greatly preferred because of its relative sim- 
plicity. It is to be understood, however, that 
the specific technique employed is not critical 
as long as it meets the specific requirements 1U> 
set forth above. 

The following examples further illustrate 
the methods employed in forming the ionic 
copolymers of the present invention. no 
Example I 
A 500 g sample of an ethylene/methacryhc 
acid copolymer, containing 10 weight percent 
of methacrylic Md ^ Jj^a ^^ - 

- was banded on a six inch rubber mill at 50° C 
After the copolvmer had attained the mill 
temperature, 24 g of sodium methoxide dis- 
solved in 100 ml of methanol was added to 
the copolymer of over a period of five minutes 
as working of the copolymer on the mill was x * 
continued.' Melt blending of the composition 
was continued for an additional 15 minutes 
during which time the initially soft, fluid melt m 
became stiff and rubbery on the mill- However, 
the polymer could still be readily handled on 125 
th<* mill. The resulting product was found to 
have a melt index of less than 0.1 g/10 minutes 
and resulted in transparent, as compared to 
opaque for the copolymer base, moldings ot 
greatly improved tensile properties. w 
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Example n 
To a solution of 50 g of an ethylene/meth- 
acrylic acid copolymer containing 10 weight 
percent of methacrylic acid and having a melt 

5 index of 5.8 g/10 minutes in 250 ml of xylene 
maintained at a temperature of 100° C was 
added three g of strontium hydroxide dissolved 
in 50 ml of water. Gelation followed irnme- 
diately. The product was recovered by precipi- 

10 tation with methanol and washed thoroughly 
with water and acetone. The final dry product 
was found to have a melt index of 0.19 g/10 
minutes and resulted in glass clear moldings. 
Example III 

15 To 50 g of an ethylene/methacrylic acid 
copolymer containing 10 weight percent of 
methacrylic acid and having a melt index of 
5.8 g/10 minutes milled at a temperature of 
125 to 135° C on a 6 inch rubber mill was 

20 added gradually 6.3 g of magnesium acetate 
( x 4H 2 0) in 25 ml of water. Milling was con- 
tinued for 15 minutes at which time the 
evolution of acetic acid had ceased. The pro- 
duct had a melt index of 0.12 g/10 minutes 

25 and resulted in clear, resilient moldings. 
Example IV 
To 50 g of an ethylene/itaconic acid copoly- 
mer having a melt index of 9 g/10 minutes 
and containing three percent by weight of 

30 the copolymer of itaconic acid was gradually 
added three g of sodium hydroxide in 20 ml 
of water while the polymer was being worked 



on a six inch rubber mill at a temperature of 
150° C. Upon addition of the hydroxide, the 
polymer melt became stiff, transparent and 35 
elastomeric. 

Example V 

An ethylene/methacrylic acid copolymer 
containing 10 percent methacrylic acid was 
banded on a two roll mill at 170° C and 3.6 40 
weight percent of powdered sodium hydroxide 
was added over a period of two minutes. Mill- 
ing was continued over a period of 10 minutes 
to ensure homogeneity. The ionic copolymer 
obtained was reduced more than ten-fold in 45 
melt index and was glass clear and resilient. 
When extruded as a melt, the ionic copolymer 
could be drawn into fibers having pronounced 
elastic recovery. 

Specific examples of the ionic copolymers of 50 
the present invention and their properties are 
shown in the following tables. 

Table I shows physical properties of ionic 
copolymers obtained from an ethylene/meth- 
acrylic acid copolymer with monovalent, di- 55 
valent and trivalent metal ions. The ethylene/ 
methacrylic acid copolymer employed contained 
10 weight percent of the acid and had a melt 
index of 5.8 g/10 minutes. In addition to the 
improvements shown in the table, all these 60 
ionic copolymers exhibited excellent bend re- 
covery which was not exhibited by the copoly- 
mer base. The tests were carried out on com- 
pression molded sheets of the ionic copolymer. 
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Table IV shows the surprising melt pro- 
perties of the ionic copolymers. The ionic 
copolymers illustrated were obtained by react- 
ing aqueous or methanolic solutions of the 
5 crosslinking agents indicated in the table with 
the copolymers indicated on a two roll mill at 
temperatures of 150 to 200° C until homo- 
geneous compositions were obtained. In each 
instance sufficient quantities of the crosslinking 
10 agent were added to neutralize all of the acid 
groups. The melt index of the copolymer base 
and the ionic copolymer are compared and 
contrasted against the flow number which corre- 
sponds to the melt index, except that a tem- 
15 perature of 250° C and a weight of 5000 g is 
employed. Polyethylene which is crosslinked 
by peroxides or by ionizing radiation shows no 
flow for the conditions employed to measure 
the flow number. As can be seen from the table, 
20 at low shear stresses, i.e., under conditions at 
which melt index is measured, the ionic copoly- 
mers have low melt indices as compared to the 
base copolymers. However, at higher tempera- 
tures and under higher shear stresses the ionic 
25 copolymers show greatly improved flow. 

Table IV further illustrates some of the 
requirements which must be met to obtain the 
ionic copolymers of the present invention. 
Thus, the use of zinc metal (Product No. 7) 
30 which is not ionized, does not result in any 



ionic crosslinking. Zinc oxide, which is ionic 
when dissolved in water and when employed 
as a crosslinking agent (Product No. 8), results 
in only a partial ionic copolymer because 
zinc oxide does not dissolve sufficiently in 35 
water or other polar solvents. Zinc stearate is 
not effective as a crosslinking agent (Product 
No. 9) to give rise to an ionic copolymer be- 
cause the stearate radical remains in the 
polymer. As can be seen from the combination 40 
of a monocarboxylic acid with a trivalent 
metal (Product No. 6) a borderline improve- 
ment in the melt flow properties is obtained at 
higher shear stresses which is explained by the 
greater ionic attraction between the metal 45 
ion in a higher valence state and the carboxylic 
acid group. The inoperability of divalent metal 
ions and dicarboxylic acid groups (Products 21 
and 17) to result in ionic copolymers of the . 
present invention is also illustrated. These 50 
polymers are believed to have such strong ionic 
bonds that they in effect act like regularly 
crosslinked polyolefins. The table further illus- 
trates the wide variety of metal ions which 
are suitable crosslinking agents. Additionally, 55 
the table also shows that the presence of a 
third monomer does not interfere in the forma- 
tion of the ionic copolymers of the present 
invention. 
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Example VI 
An ethylene/methacrylic acid copolymer 
containing 10 percent of methacrylic acid was 
ionicaUy crosslinked with sodium hydroxide 

5 until 76 percent of the carboxyl groups had 
been neutralized. The melt index of the result- 
ing polymer was 0.65 g/10 minutes. This resin 
was extruded through a one inch exttuder 
equipped with a tubular film die and take-off. 

10 The ionic copolymer was extruded into 0.5 
mil film using a 225° C temperature for the 
extruder barrel and a 250° C temperature for 
the die. The resulting film was completely 
haze-free and transparent. Dart drop test gave 

!5 a value of 375 g at 0.5 mil thickness. Compar- 
able values for polyethylene (p=0.92g/cc) are 
50 g. Pneumatic impact was 7.4 kg-cm/mil; 
a polyterephthalate ester film has a value of 
6.5 kg-cm/mil. In addition to its excellent 
impact resistance, this film displayed marked 
shrinkage when immersed in boiling water 
making it ideal for many packaging applica- 
tions. X-ray examination showed the film to be 
biaxially oriented. 

25 Example VII 

Using the ionic copolymer of Example VII, 
a 30 mil wire coating was produced on #14 
copper wire. A three and one-quarter inch 
Davis- Standard wire coater fitted with an 

30 0.124 inch tapered pressure die was employed. 
Extrusion was carried out at 450 ft/minute 
using temperature settings of 457° F on the 
barrel and 490° F on the die and quench 
temperatures of 200° F to 72° F. A very 

35 smooth, glassy, coating was obtained dis- 
playing excellent toughness and electrical pro- 
perties. Polyethvlene having the same melt 
index could not be extruded into a continuous 
smooth wire coating under these conditions. 

40 Example VIII 

Using the ionic copolymer of Example VII 
injection molded combs, chain links, gears, coil 
forms and chips were made. A one fluid ounce 
machine fitted with a 7/8 inch cylinder was 

45 employed. The machine was operated at a 
cylinder temperature of 225° C and a mold 
temperature of 55° C. Pressures ranging from 
3000 to 6000 psi and a 30/30 second cycle 
were found to be adequate. The moldings were 

50 tough and transparent and reproduced the 
finest details of the molds employed. Polv- 
ethylene of the same melt index did not fill 
the molds under these conditions. 

Example IX 

S5 Using the ionic copolymer of Example VII, 
four ounce Boston Round bottles were pre- 
pared. The resin was extruded through a two 

- inch extruder fitted with a cross-head tubing 
die (O.D. 11/16 inch, I.D. 1/2 inch) and 

60 blown into a bottle using a 4 ounce Boston 
Round bottle mold. The resin was heated to 
175° C in the extruder. The extrusion screw 
speed was 25 rpm. The bottles obtained were 
stiff, transparent and directly printable. 

65 The foregoing examples and experimental 



data have demonstrated the surprising com- 
bination of improvement in solid state pro- 
perties and retention of melt properties ob- 
tained by the compositions of the present 
invention. One of the more apparent improve- 70 
ments obtained is that of transparency. Hydro- 
carbon polymers are generally not transparent 
in all but exceptionally thin forms and even 
there special techniques such as quenching and 
drawing must be employed to obtain a measure 75 
of transparency. The copolymers of the present 
invention, however, can be made to be trans- 
parent even in thick molded sections. Another 
solid state property which is markedly im- 
proved by ionic crosslinking is the resilience 80 
or bend recovery of the copolymer. In contrast 
to hydrocarbon polymers which have a slow 
and incomplete recovery from bend, the co- 
polymers of the present invention snap back 
when deformed and assume their original 85 
shape. The improvement obtained in tensile 
properties and stiffness is apparent from the 
data presented in the tables. In this respect 
the copolymers of the present invention exhibit 
greatly surprising properties. In contrast to 90 
peroxide-crosslinked polyethylene where the 
stiffness is decreased by crosslinking, the ionic 
copolymers exhibit even greater stiffness and 
rigidity than the unmodified base polymer. 
Other solid state properties improved by ionic 95 
crosslinking are toughness and stress-crack re- 
sistance. The impact strength of thin films 
made from ionic copolymers is equal to and 
better than that of polyterephthalate films 
which are considered the toughest plastic films 100 
commercially available. Tests designed to 
measure stress-crack resistance of hydrocarbon 
polymers using detergents commonly used in 
such tests failed to result in failures and, thus, 
the ionic copolymers are considered to be free 105 
from stress-cracking. 

The ionic copolymers of the present inven- 
tion also exhibit highly surprising rheological 
properties. Thus, although having extremely 
low melt indices, which would indicate that the I 10 
ionic copolymers are not melt fabricable, the 
opposite is true in that the ionic copolymers 
can be melt extruded, injection molded and 
compression molded with ease. This is ex- 
plained, of course, by the difference in shear 115 
stress exerted on the melt in a melt indexer 
and in an extruder, for example. At low shear 
stresses the high melt strength of the polymer 
results in low melt flow. However, once this is 
overcome by a higher shear stress, the ionic 120 
copolymer flow readily. The combination of 
high melt strength at low shear stresses and 
good melt flow at high shear stresses is highly 
desirable in all applications requiring forming 
of the melt subsequent to extrusion such as in 125 
bottle blowing in which an extruded parison is 
blown into a bottle and in thermoforming in 
which molten sheet is forced against a mold by 
means of a vacuum. In both these fabrication 
techniques, the polymer melt becomes unsup- 130 
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ported during some part of the fabrication 
cycle and it is, therefore, highly desirable that 
the polymer melt having a high melt strength 
and a good retention of shape. Similarly, the 
5 ionic copolymers of the present invention are 
extremely useful for the preparation of foams 
in that they overcome the extremely low 
strength of the foamed but not yet solidified 
polymer which has been a major problem in 
10 foam extrusion and which frequently has 
caused the collapse of the foam. 

An additional advantage that can be obtained 
in the copolymers of the present invention is 
coloration. By proper choice of metal ions 
15 and combinations of metal ions many colors 
can be produced in the ionic copolymers. This 
method coloration has advantages over poly- 
mer dyeing in that dyes have a tendency to 
exude from hydrocarbon polymers and fre- 
20 quently are not compatible therewith. It also 
has an advantage over coloration by pigmenta- 
tion in that the coloration is more uniform and 
even, particularly in light colours. Further- 
more, colored compositions can be made trans- 
25 parent. 

The ionic copolymers may be modified, if 
desired, by the addition of antioxidants, stabil- 
izers, fillers and other additives commonly 
employed in hydrocarbon polymer. It is gener- 
30 ally preferred to employ additives which do 
not interfere with the ionic crosslinks, i.e., 
compounds which do not meet the requirement 
of crosslinking compounds set forth above or 
if ionic in nature to employ such metal ions 
35 as would complement the metal ions used in 
the crosslinking. Generally, however, additives 
do not interfere with the ionic crosslinks since 
they are not of the type which would result 
in metal ions and, furthermore, are employed 
40 in very small quantities. If desirable, the 
copolymers of the present invention can be 
blended with other hydrocarbon polymers to 
meet particular needs of an application. In 
order to realize the surprising properties 
45 obtained in ionic copolymers, it is essential 
that the ionic copolymers do not contain any 
significant number of covalent crosslinks, since 
the latter would obscure and overshadow the 
ionic crossUnking. 
50 The high molecular weight ionic copolymers 
of the present invention can be extruded into 
films of excellent clarity, fibers of outstanding 
elasticity and resilience, pipes with superior 
stress-crack resistance, wire coatings with im- 
55 proved cut-through resistance and good di- 
electric properties despite the presence of 
metal ions, and foamed sheets; they can be 
further injection molded into intricate shapes 
and closely retain the dimension of the mold; 
60 they can be vacuum formed, blow molded and 
compression molded with greater ease and 
better properties than linear hydrocarbon poly- 
mers. Ionic copolymers can, furthermore, be 
drawn and uniaxially and biaxially oriented. 
65 Ionic copolymer surfaces, furthermore, are 



printable and adhere well to adhesive com- 
mercially available. Thus, they can be lamin- 
ated to paper, metal foil, and other plastic 
surfaces. The adhesion of the ionic copolymer 
is so good that they themselves can be em- 70 
ployed as adhesives. Low molecular weight 
ionic copolymers, particularly are useful for 
such purposes. Many other uses and modifica- 
tions of the ionic copolymers of the present 
invention will be apparent from the foregoing 
description and it is not intended to exclude 
such from the scope of this invention. 
WHAT WE CLAIM IS: — 

1. A copolymer characterized by having - 
ionic crosslinks in the solid state, which cross- 80 . 
links are removable on fusion of the copoly- 
mer and restored on its reversion to the solid 
state, which comprises ethylene and an alpha, 
beta ethylenicallv-unsaturated mono- or di- 
carboxylic acid, the ethylene content being at 8:^ 
least 50 molest and the acid monomer con- 
tent being from 0.2 to 20 mole% the copoly- 
mer having a melt index of 0.1 to 100 g/10 * 
minutes in the absence of metallic ions and 
wherein at least 10°/- of the carboxylic acid 90 
groups are neutralized by one or more metal 
ions having a valence of 1 to 3 when the 
acid monomer is monocarboxylic, and a 
valence of 1 when said monomer is dicarb- 
oxylic. m m 95 

2. A copolymer as claimed in claim 1, in 
which the ethylene content is at least 80 
mole%. 

3. A copolymer as claimed in claim 2 which 
comprises an unsaturated monocarboxylic acid 100 
content of from 1 to 10 mole%. 

4. A copolymer according to any of claims 
1 to 3 in which the unsaturated carboxylic 
acid component is acrylic acid or methacrylic 
acid. 105 

5. A copolymer according to any of the 
_ preceding claims in which at least 50% of the 

carboxylic acid groups are neutralized by the 
metal ions. 

6. A copolymer according to any of the 110 
preceding claims which is a terpolymer and 
contains as the third component, units derived 
from a polymerizable ethylenically unsaturated 
ester of a monocarboxylic acid. 

7. A copolymer as claimed in claim 6 in 115 
which the* polvmerizable unsaturated ester 
present as the third component is.vinyl acetate. 

8. A copolymer according to any^ of the 
preceding claims in which the metal ions are 
of Group I or II of the Periodic Table of 120 
Elements. : 

9. A copolymer as claimed in claim S in 
which the metal ions are sodium ions. 

10. A copolymer as claimed in any of the 
preceding claims in which the copolymer in 125 
the absence of metallic ions has a melt index 
of from 1 to 20 g/10 minutes. 

11. A copolymer as hereinbefore described 
in particular reference to any of the foregoing 
Examples. 130 
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12. A process for the preparation of the 
copolymers claimed in any of the preceding 
claims, which comprises neutralizing at least 
10% of the carboxylic acid groups of a copoly- 

5 mer, having a melt index of 0.1 to 100 g/10 
minutes, formed by the direct copolymerization 
of ethylene and an alpha, beta ethylenically- 
unsaturated carboxylic acid having one or two 
carboxylic acid groups, the ethylene content 

10 in said copolymer being at least 50 mole 
percent and the acid monomer content being 
from 0.2 to 25 mole percent, with one or more 
ionic metal compounds, the metal ion therein 
having a valence of 1 to 3 when the acid is 

15 monocarboxylic, and a valence of 1 when the 
acid is dicarboxylic. 



13. A process according to claim 12 wherein 
the metal compound employed is an acetate, 
formate, hydroxide or methoxide, 

14. The process substantially as set forth in 
any of the foregoing Examples. 

15. The copolymers whenever prepared by 
the process hereinbefore claimed. 

16. Shaped articles including fibers or films 
whenever obtained from the copolymers 
claimed in any. of claims 1 to 11 and 15. 

W. P. THOMPSON & CO, 
12, Church Street, Liverpool 1, 
Chartered Patent Agents. 
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